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PREFACE 
T h e  U n i v e r s i t y  o f  M i c h i g a n  B i o l o g i c a l  S t a t i o n  was  e s t a b l i s h e d  
i n  1909  a t  D o u g l a s  C a k e  n e a r  P e l l s t o n ,  M i c h i g a n ,  a s  a t ~ a r h i n g  
a n d  r e s e a r c h  f a c i l i t y .  I t  o c c u p i e ~  a  1 0 , 0 0 0 - a c r e  t r a c t  o f  
s c m i - w i l d e r n e s s  i n  n o r t h e r n  l o w e r  M i c h i g a n ,  s u r r o u n d e d  b y  a 
r a m a r k a b l e  v a r i e t y  o f  u p l a n d  a n d  l o w l a n d  d e c i d u o u s  a n d  c o n i f -  
e r o u s  f o r e s t s ,  m e a d o w s ,  m a r s h e s ,  b o g s ,  d u n e s ,  Z n k e s  a n d  s  t r ~ a m s .  
T h e  t h r e e  u p p e r  Gr.eat L a k e s  - M i c h i ~ a n ,  & r o n  drld ,CZcp~r ior  - 
a r e  7 ; s a r b y .  As  t h e  l a r g e s t  a n d  o n e  o f  t h s  m o s t  d i s t i n g u i s h e d  
i n l a n d  b i o Z o g i c a Z  s t a t i o n s  i n  t h e  w o r l d ,  i t  s e r v e s  a s  a n  
i n t e Z l e c t u a Z  m e e t i n g  p l a c e  f o r  b i o l o g i s t s  a n d  s t u d e n t s  f r o m  t h e  
U n i t e d  S t a t e s  a n d  a r o u n d  t h e  w o r l d .  
T h e  B i o l o g i c a l  S t a t i o n  i s  we l  2 - e q u i p p e d  f o r  i n v e s t i g a t i o n s  o f  
t h e  d i v e r s e  n a t u r a l  e n v i r o n m e n t s  a r o u n d  i t .  I n  a d d i t i o n  t o  
t h e  m o d e r n ,  w i n t e r i z e d  L a k e s i d e  L a b o r a t o r y ,  w h i c h  was  f u n d e d  
b y  t h e  N a t i o n a l  2 i e n c e  ~ o u n d a t i o n ,  t h e  S t a t i o n  h a s  2 4 0  
b u i  l d i n g s ,  i n c l u d i n g  l a b o r a t o r i e s ,  c Z c s s r o o m s ,  a n d  l i v i n g  
q u c r t e r s  f o r  u p  t o  3 0 0  p e o p l e .  S p e c i a l  f a c i l i t i e s  i n c l u d e  a  
Z i t r a r y ,  s t u d y  c o l l e c t i o n s  o f  p l a n t s  a n d  a n i m a l s ,  a  l a r g e  
f l e e t  o f  b o a t s ,  a n d  a  f u l l  a r r a y  o f  m o d e r n  l a b o r a t o r y  a n d  
f i e l d  e q u i p m e n t .  T h e  S t a t i o n  o f f e r s  t r a n q u i  l i  t y  a n d  hcl.rnony 
w i t h  n a t u r e  - i t  i s  a  p l a c e  w h e r e  p l a n t s  a n d  a n i m a l s  c a n  b e  
s t u d i e d  a s  t h e y  l i v e .  
D r .  D a v i d  M .  G a t e s ,  D i r e c t o r  o f  t h e  $ t a t i o n  s i n c e  1 9 7 1 ,  a n d  
Mark W .  P a d d o c k ,  A s s i s t a n t  t o  t h e  D i r e c t o r ,  h a v e  p r o m o t e d  
n e w  a n d  e x c i t i n g  f i e l d s  o f  r e s e a r c h ,  i T i c l u d i n g  p r o b l e m -  
o r i e n t e d  r e s e a r c h  t o  h e l p  c o p e  u i t h  e n e r g i n g  e n v i r o n r s n t a l  
pilob l e m s .  
T h e  S t a t i o n  i s  c u r r e n t l y  u n d e 1 7 t a k i n g  s p e c i f i c  i n v e s t i g a t i o n s  
i n  n o r t h e r n  l o u e r  M i c h i g a n  t o  p r o v i d e  i n f o r m a t i o n  a b o u t  t h e  
l a n d ,  t h e  w a t e r ,  a i d  t h e  p e o p l e  i n  t h e  a r e a .  R e s u l t s  w i l l  b e  
made c ; v u i l a b l e  t o  c o n i n u n i t y  l e a d e r s  f o r  u s e  i n  l ong - t e1 .m  l a n d -  
14se p l a n n i n g .  I n  a d d i t i o n ,  many r e s e a r c h  p r o j e c t s  a r e  u n d e r w a y ,  
g e a - e d  t o u a ~ > d  a b e t t e r  u n d e r s t a n d i n g  o f  t h e  s t r u c t u r e  a n d  f u n c t i o n  
o f  b o t h  n q u u t i c  a n d  t e 2 7 r e s t r i a l  e c o s y s t s m s .  
T h i s  p h b l i c u t i o n  i s  c n e  o f  a  s e r i e s  o f  r e p o r t s  t h a t  a r e  i s s u e d  
p e r i o O i c a Z l y  t o  d i s s e m i n a t e  i ) ~ f o i . m a t i o n  o n  r c s c a r c h  g s n c r a t e d  
a t  t h e  B i o l o g i c a l  S t a t i o n .  T h i s  . s e r i e s  p i . o v i d e s  a c c o u n t s  o f  
a o r k  i n  p r o g r e s s ,  o r  c c n p l e t e ? ,  w7t ich a r e  s i t h e r  t o o  d e t a i l e d  
.P , o r  c c z e p t a n c e  b y  p i 3 o f c s s i o n a l  j o u r n a l s  o r  p r e d o r n i n a t e Z y  o f  
ZocaZ i f i t e r e s t .  F o r  f u r 7 t h e r  i n f o r m a t i o n  c o n c e ~ n i n g  o t h e r  
p ; ~ b l i c a t i o n s  i n  t h i s  s e r i e s  o r  i n f o r m a t i o n  o n  t h e  B i o l o g i c a Z  
S t a t i o n  i n  g e n e r a l ,  a d d r e s s  i n q u i r i e s  t o :  T h e  U n i v e r s i t y  o f  
. ? ' i c h i g a n  B i o Z o g i c a Z  S t a t i o n ,  P e Z l s t o n ,  M i c h i g a n  4 9 7 6 9  ( P h o n e  
6 1 6 - 5 3 2 - 8 4 0 6  1 .  
(EMMET AND Cf IARLEVOIX COIJNI ' I  ES , M T C f 1 T G A N )  
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FORWARD 
T h i s  r e p o r t  i s  an  e n v i r o n m e n t a l  a s s e s s m e n t  o f  t h e  Walloon 
Lake w a t e r s h e d  and was p r e p a r e d  by s t u d e n t s  i n  P r o j e c t  CLEAR 
(Community Lakes E n v i r o n m e n t a l  Awareness  R e s e a r c h )  a t  t h e  
U n i v e r s i t y  o f  Mich igan  B i o l o g i c a l  S t a t i o n ,  P e l l s t o n ,  Mich igan .  
I t  i n c l u d e s  i n f o r m a t i o n  f rom a q u a t i c ,  t e r r e s t r i a l ,  and s o c i a l  
r e s e a r c h  c o n d u c t e d  a t  The B i o l o g i c a l  S t a t i o n  s i n c e  1 9 7 2 ,  and 
a l s o  i n f o r m a t i o n  f rom n u t r i e n t  e n r i c h m e n t  and l a k e  management 
s t u d i e s  c o n d u c t e d  s p e c i f i c a l l y  f o r  t h e  Walloon Lake w a t e r s h e d  
by  P r o j e c t  CLEAR d u r i n g  summer, 1977 .  
I n  t h i s  e n v i r o n m e n t a l  a s s e s s m e n t ,  t h e  p r e s e n t  w a t e r  q u a l i t y  
of t h e  l a k e  and e a c h  o f  i t s  b a s i n s  was e v a l u a t e d .  The s o u r c e s  
and e x t e n t  o f  n u t r i e n t  i n p u t  were  e s t i m a t e d  t o  d e t e r m i n e  how 
s u s c e p t i b l e  e a c h  b a s i n  migh t  b e  t o  a d v e r s e  impac t  f rom human 
deve lopmen t .  
S i n c e  s e e p a g e  f rom s e p t i c  s y s t e m s  h a s  b e e n  a  commonly c i t e d  
s o u r c e  o f  d e t r i m e n t a l  n u t r i e n t  i n p u t  t o  t h e  l a k e ,  a n a l y s e s  o f  
s h o r e l i n e  s o i l s  were  c o n d u c t e d  t o  d e t e r m i n e  s o i l  s u i t a b i l i t y  f o r  
e f f e c t i v e  d o m e s t i c  w a s t e w a t e r  t r e a t m e n t .  O v e r l a y  maps,  which  
d i s p l a y  p o t e n t i a l  n u t r i e n t  l o a d i n g  prob lem a r e a s ,  we re  p r e p a r e d  
and c o r r e l a t e d  w i t h  s o i l  t y p e  and p o p u l a t i o n  d e n s i t y  i n f o r m a t i o n  
t o  p i n p o i n t  p o t e n t i a l  n u t r i e n t  l o a d i n g  a r e a s .  
The r e p o r t  a l s o  d raws  c o n c l u s i o n s  f o r  f u t u r e  management o f  
Wal loon Lake t o  r e t a i n  i t s  p r e s e n t  h i g h  w a t e r  q u a l i t y .  
This report is technical in content and has not been 
written for a general, non-scientific audience. It will be 
most valuable for natural resource management officials and 
those with a background in science, particularly limnology, 
However, the management section contains information pertinent 
to lake property owners, and has therefore been written as 
non-technically as possible. Readers who encounter unfamiliar 
terminology in this report can find definitions and background 
information in Inland Lake Protection for Northern Michigan 
(1975) and The Walloon Lake Profile (1976), available from 
The Walloon Lake Association or The University of Michigan 
Biological Station. 
T a b l e  o f  C o n t e n t s  
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SUMMARY and CONCLUSIONS 
To provide an overview of the condition of Walloon Lake, 
the results of the study are summarized here. Points included 
in the summary are discussed in further detail in the remainder 
of the report. 
* * *  The overall water quality of Walloon Lake is very good. 
The prospects for maintaining this level of quality are 
enhanced by the small watershed and by the marl in the 
water which buffers pollutants (phosphorus). However, 
the relatively lcng water residence time hampers the lake's 
natural ability to cleanse itself. 
* * *  Phosphorus has been identified as the limiting nutrient in 
the lake. Phosphorus and nitrogen inputs to the lake must 
be minimized to maintain high water quality. 
* * *  The North Arm Basin has lower water quality than the other 
basins in Walloon Lake. 
* * *  The North Arm basin is more susceptible to eutrophication 
than the other basins in Walloon Lake because of its 
smaller volume and longer water residence time. 
* * *  Areas have been identified where shoreline soils do not 
adequately remove nutrients from septic system effluent. 
These areas constitute an appreciable source of pollution 
to Walloon Lake. 
INTRODUCTION 
Walloon Lake is a large and picturesque inland lake in 
northern Michigan. Its deep basins with their emerald green 
waters surrounded by rolling hillsare recognized as a resource 
of regional value. and significance. 
Since the turn of the century, the lake has attracted 
development. Within the last 20 years, the development 
rate has greatly increased from 370 dwelling units (Michigan 
Department of Natural Resources, 1957) to 695 dwelling units. 
(Walloon Lake Association, 1976). 
This high development rate for the Walloon Lake area is 
expected to continue. It is estimated that the three Charlevoix 
County townships bordering Walloon Lake will have a 69% increase 
in population by 1990 (Charlevoix County Planning Department, 1974)- 
Resort Township in Emmet County, bordering the north shore of 
the lake and the outskirts of Petoskey, had a growth rate of over 
40% between 19.71 and 1973 (Marans et al., 1976). Suburban sprawl 
toward the lake from Petoskey is already occurring and further 
growth of this kind is anticipated. 
As well as an increase in population, a change is occurring 
in the nature of development around the Walloon Lake 
shoreline. Traditionally predominated by seasonal residences, 
the Walloon Lake area is becoming the year round home 
of a growing number of people. Since growth is inevitable, 
the challenge facing the Walloon community is how to channel 
this growth and its corresponding development to minimize impact 
on the environmental quality of the lake. 
DESCRIPTION OF STUDY AREA - 
Walloon Lake l i e s  i n  Emmet and C h a r l e v o i x  Coun t i e s  
(T34N, R6W) i n  t h e  nor thwes t  p o r t i o n  o f  n o r t h e r n  lower  Michigan .  
The l a k e  has  a  r e l a t i v e l y  s m a l l  w a t e r s h e d  (22 ,650 A ;  9 ,170 ha )  
compared t o  l a k e  s u r f a c e  a r e a  (4,270 A; 1 , 7 2 8  h a ) .  The 
wa te r shed  i s  p r i m a r i l y  a g r i c u l t u r a l  l a n d  and f o r e s t .  Devel -  
opment i s  most c o n c e n t r a t e d  n e a r  t h e  l a k e s h o r e  ( F i g .  1 ,  
Tab le  1 ) .  P o l i t i c a l l y ,  t h e  l a k e  and i t s  wa te r shed  
a r e  l o c a t e d  i n  Bay, E v a n g e l i n e ,  and Melrose  townsh ips  of  
Char l evo ix  County; and Bear  Creek and R e s o r t  Townships of  
Emmet County (Appendix I ) .  
Walloon Lake e x i s t e d  i n  p r e - g l a c i a l  t i m e s  a s  a  r i v e r  v a l l e y  
which was r e - s h a p e d  and deepened by g l a c i a l  a c t i v i t y .  G e n t l y  
r o l l i n g  ground mora ine  d e p o s i t s  l e f t  by  t h e  g l a c i e r  on t h e  
n o r t h e r n  e x t r e m i t i e s  of t h e  l a k e  g i v e  way t o  t h e  s t e e p  end 
mora ines  t h a t  r i s e  200 f t  (61  m )  o r  more above t h e  s h o r e .  
G l a c i a l  d e p o s i t s  r ange  from l e s s  t h a n  50 f t  (15 m) t o  g r e a t e r  
t h a n  150 f t  (46 m) i n t h i c k n e s s  ove r  Devonian Age s h a l e s  and 
l i m e s t o n e s .  The m a j o r i t y  of  s o i l  t y p e s  n e a r  t h e  s h o r e  a r e  
sandy ,  r e f l e c t i n g  t h e  n a t u r e  o f  t h e  d e p o s i t s  from which t h e y  
developed.  Wate r - logged ,  mucky s o i l s  occur  i n  two a d j a c e n t  
w e t l a n d  a r e a s  ( F i g .  1 ) .  
Walloon Lake i s  t h e  26 th  l a r g e s t  l a k e  i n  Michigan .  
I t  i s  a l s o  one of t h e  d e e p e s t  l a k e s ,  w i t h  mean and maximum d e p t h s  
of  2 8 . 9  f t  ( 8 . 8  m) and 100 f t  (30 .5  m), r e s p e c t i v e l y  (Tab le  2 ) .  
The s h o r e l i n e  i s  i r r e g u l a r ,  w i t h  l o n g ,  narrow embayments known 
l o c a l l y  a s  "arms". The s h o r e l i n e  development  f a c t o r  ( i . e .  t h e  
r a t i o  o f  s h o r e l i n e  l e n g t h  t o  l a k e  s u r f a c e  a r e a )  of Walloon Lake 
i s  t h e  h i g h e s t  ( 3 . 0 )  of  a l l  Emmet County l a k e s  ( s e e  The B i o l o g i c a l  
S t a t i o n ' s  Lakeland Repor t  No. 3 ,  1975) .  
The l a k e  i n c l u d e s  f o u r  d i s t i n c t  d e p r e s s i o n s  o r  b a s i n s  
( F i g .  2 ) .  Three  o f  t h e s e  b a s i n s  ( c a l l e d  t h e  F o o t ,  Main B a s i n ,  
and West Arm) a r e  deep  (80 ,  8 1 ,  and 100 f t  o r  24.4 m ,  27 .1  m ,  
and 3 0 . 5  m ,  r e s p e c t i v e l y )  and t h e  f o u r t h  (North Arm) i s  s h a l l o w e r  
( 5 2  f t  o r  1 5 . 8  m). The t h r e e  deep  b a s i n s  a r e  i n t e r c o n n e c t e d  
a l o n g  t h e  main a x i s  o f  t h e  l a k e ,  b u t  t h e  North A r m  i s  s e p a r a t e d  
from t h e  o t h e r s  by a  na r row,  sha l low s i l l  ( F i g .  2 ) .  Walloon 
Lake i s  p r i m a r i l y  f e d  by groundwater  and o n l y  has  a  few smal l  
i n l e t  c r e e k s .  The l a k e  empt i e s  i n t o  Lake Michigan th rough  
Bear  R i v e r .  
Table 1. Description of the Land Cover Types in the Walloon 
Lake Watershed (depicted in Figure I).* 
Forest Land 
Broad-leaved Forest (generally deciduous) 
Typical species in the region are oak, maple, beech 
birch, aspen, and cottonwood. 
Coniferous Forest 
Includes all forested areas in which predominant species 
are those with needle foliage. 
Agricultural Land 
Cropland, Rotation and Permanent Pasture 
Orchards, Bush-Fruits, Berries 
Rangeland 
Rangeland supports early stages of plant succession by 
plant communities characterized by grasses or shrubs. 
Open Land 
Open land is land used for outdoor, cultural, public 
assembly and recreational purposes. Examples would be 
parkland, ski areas and cemeteries. 
Wetlands 
Wetlands are those areas where the water table is at, near 
or above the land surface for a significant part of most 
years. Examples of wetlands include marshes, wooded 
swamps, and floating vegetation situated on the shallow 
margins of bays, lakes, rivers, ponds, and streams. Shallow 
water areas with submerged aquatic vegetation are classed 
as "Water" and are not included in the "Wetland" category. 
* 
This information was obtained from working paper # 8 ,  Land Use 
Inventory, May, 1977 from Northwest Michigan Regional Planning 
Development Commission, Traverse City, MI. 
Urban and Built-Up Land 
Residential 
Residential development along shorelines is linear and 
sometimes extends back only one residential parcel from 
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T a b l e  2 .  M o r p h o m e t r i c  C h a r a c t e r i s t i c s  o f  Wal loon  Lake .  
D e f i n i t i o n s  a r e  a c c o r d i n g  t o  H u t c h i n s o n  ( 1 9 7 5 ) .  
D a t a  f r o m  Gannon and Paddock ( 1 9 7 4 ) .  
U n i t s  
M e t r i c  E n g l i s h  
Maximum D e p t h  3 0 . 5  m 1 0 0 . 0  f t  
Mean D e p t h  8 . 8  m 7 8 . 9  f t  
Lake Volume 1 5 4 . 5 ~ 1 0 ~  m3 5 , 4 4 4 . 9 ~ 1 0 6  f t 3  
Maximum L e n g t h  1 0 . 1  km 6 . 3  m i  
Maximum Width  4 . 0  km 2 . 5  m i  
Mean Wid th  1 . 7  km 1.1 m i  
S h o r e l i n e  L e n g t h  4 4 . 2  km 2 7 . 5  m i  
Lake S u r f a c e  A r e a  1 7 2 8 . 0  h a  4 , 2 7 0 . 0  A 
W a t e r s h e d  A r e a  9170 .0  h a  2 2 , 6 5 9  A 
S h o r e l i n e  Development  F a c t o r  3 . 0  
W a t e r s h e d  A r e a / L a k e  S u r f a c e  A r e a  R a t i o  5 . 3  
METHODS 
S u r f a c e  W a t e r  Sampling 
Water chemical samples were obtained from the lake surface 
at central stations in the Foot, West,and North Arm Basins, at the 
mouths of three inflowing creeks during summer, 1977 (Fig. 3). 
Samples were collected from the head of Bear River during this 
period. Samples from each station were placed in pre-washed 
500 ml polyethylene bottles, stored in a cooler for transport 
to the Biological Station, and immediately frozen. Lake and 
stream samples were analyzed on a Technicon Autoanalyzer I1  
for nitrate-nitrogen, ammonia-nitrogen, total phosphorus, 
and chloride ions using standard methods (EPA, 1974). 
Discharge measurements were obtained in each stream with 
a Pygmy current meter at the same time water samples were 
collected. Flushing rate was determined by dividing the 
volume of Walloon Lake by the estimated yearly outflow of 
the Bear River (Appendix 11). Surface area, volume, and 
watershed area of each sub-basin were obtained with a Gelman 
Planimeter. Retention coefficients were derived from 
estimates of hydraulic outflow (Larson and Mercier, 1976). 

N u t r i e n t  B u d g e t  
Inputs of nitrogen (N) and phosphorus (P) were estimated 
from a CLEAR household survey, and from data previously collected 
by the Biological Station from fall, 1972 through spring, 1975 
(Gannon and Paddock, 1974; Gannon, unpublished data). Because 
of the difficulties involved in measuring and quantifying nutrient 
inputs from shallow and deep groundwater, our limited data on 
nutrients in shallow groundwater was not used for the analysis. 
Information on nutrient contributions from various land uses 
(Brezonik, 1973) was considered more representative, and there- 
fore was used in this investigation. 
The area for each land-use/land cover in the Walloon Lake 
watershed (Fig. 1; Table 3) was determined using a Gelman 
Planimeter. Forest and wetland categories were combined and 
treated as forest land. Likewise, range and open land were 
combined and treated as range land so that nutrient loading 
estimations from Brezonik (1973) could be used in this investi- 
gation (Table 4). Calculations were made for the entire water- 
shed and for the drainage areas of the individual basins. 
Data on amount of phosphorus (P) and nitrogen (N) entering 
the lake from precipitation and dryfall were obtained from Gannon 
and Paddock (1974). Total loadings from these nutrient sources 
of 2.5 mg/m2/yr for total phosphorus and 10.6 mg/m2/yr for 
total nitrogen (5.3 mg organic nitrogen, 5.3 mg inorganic 
nitrogen) were used in nutrient budget calculations. 
A survey to determine household nutrient output was 
distributed to 385 lakeshore residents by the Walloon Lake 
Association and by Project CLEAR (Appendix IV). 
Table 3. Areas of Land-Use/Cover in the Walloon Lake 
Watershed (krn2) . 
Basin Forest Agriculture Urban Range 
West 10.60 8.03 1.00 0.40 
Main 13.31 8.47 1.45 0.48 
North 12.30 15.90 0.90 0.60 
Foot 8.40 6.90 1.40 0.17 
Total 44.6 39.32 4.73 1.65 
% of 
Water- 
shed 49:3 . 43.5 5 . 2  2 . 0  
Table 4. Phosphorus Loading Values (mg/m2/yr) for Various 
Land-use/Covers, Chosen from Brezonik, (1973). 
Land-Use Phosphorus Nitrogen 




Average n u t r i e n t  l o a d i n g  t o  each  s e p t i c  sys tem was c a l c u l a t e d  
t o  be 1 . 2  kg P  and 1 0 . 8  kg N p e r  household  p e r  y e a r .  Based on 
a n  a v e r a g e  occupancy of  two p e o p l e  p e r  y e a r  (Appendix I V )  t h e  
a v e r a g e  human w a s t e  c o n t r i b u t i o n  was 1 . 0  kg P p e r  household  p e r  
y e a r  and 1 0 . 8  kg N p e r  household  p e r  y e a r .  
Loading v a l u e s  o f  2 g  P p e r  d i shwasher  l o a d  and 6  g  P  p e r  
l a u n d r y  l o a d  were e s t i m a t e d  from a v a i l a b l e  d e t e r g e n t s  found i n  
s t o r e s  i n  t h e  Walloon Lake v i c i n i t y .  Automatic  d i shwasher  u s e  
was e s t i m a t e d  a t  one t ime  p e r  day  and washing machine u s e  a t  
0.67 t i m e s  p e r  day  when t h e  house i s  occup ied .  Loading from 
t h e s e  s o u r c e s  t o  t h e  s e p t i c  t a n k  was c a l c u l a t e d  t o  be 0 . 2  kg 
P p e r  household  p e r  y e a r .  
By comparing t h e  d r a i n a g e  c l a s s  of  each  l a k e s h o r e  s o i l  
( A l f r e d  e t  a l . ,  1973;  A l f r e d  and Hyde, 1974) w i t h  i t s  phosphorus 
a d s o r b i n g  c a p a c i t y  (Schne ide r  and E r i c k s o n ,  1972) t h e  p e r c e n t  
o f  phosphorus  from s e p t i c  sys tems t h a t  r e a c h e s  t h e  l a k e  was 
e s t i m a t e d  (Table  5) [Gannon and Paddock, 1974) .  The p e r c e n t  
o f  n i t r o g e n  i n  l a k e s h o r e  s e p t i c  sys tems t h a t  r e a c h e s  t h e  l a k e  
was e s t i m a t e d  from t h e  d r a i n a g e  c l a s s  of  each  s o i l  (Table  6). 
L o c a t i o n  of  l a k e s h o r e  r e s i d e n c e s  was de te rmined  by v i s u a l  
o b s e r v a t i o n  by b o a t  on August 8 ,  1977.  From t h e  number o f  
r e s i d e n c e s  on e a c h  s o i l  t y p e  and t h e  p e r c e n t a g e  of  s e p t i c  
sys tem n u t r i e n t s  t h a t  r e a c h  t h e  l a k e  from each  s o i l  t y p e ,  t h e  
a c t u a l  l o a d i n g  o f  N and P  t o  t h e  l a k e  from l a k e s i d e  s e p t i c  
sys tems was c a l c u l a t e d .  
T a b l e  5 .  E s t i m a t e d  Ni t rogen  C o n t r i b u t i o n s  from S e p t i c  Systems 
i n  Varying S o i l  C o n d i t i o n s  (Gannon and Paddock,  1 9 7 4 ) .  
P e r c e n t  o f  N f rom e a c h  sys tem 
Dra inage  C l a s s  t h a t  r e a c h e s  t h e  l a k e  
Well  d r a i n e d  8 5 
Somewhat p o o r l y  d r a i n e d  6 5 
P o o r l y  d r a i n e d  50  
T a b l e  6 .  E s t i m a t e d  Phosphorus C o n t r i b u t i o n s  from S e p t i c  Systems 
i n  Varying S o i l  C o n d i t i o n s  (Gannon and Paddock,  1 9 7 4 ) .  
Dra inage  







P- ads  o r b  i n g  P e r c e n t  o f  P  f rom e a c h  s e p t i c  
c a p a c i t y  sys t em t h a t  r e a c h e s  t h e  l a k e  
h i g h ,  v e r y  h i g h  2 5 
medium 4 5  
low,  v e r y  low 6 5 
h i g h ,  v e r y  h i g h  35 
medium 
low,  v e r y  low 
Although critically important to wastewater treatment 
efficiency, factors such as groundwater flow patterns, slope 
of land, age of system, distance from a lakeshore, and 
septic tank maintenance habits were not considered in the 
nutrient budget analysis. However, several of these 
characteristics are considered on the soil suitability maps. 
Estimates of nutrient loading from lakeside lawn fertilization 
were not included in the nutrient budget because of insufficient 
informat ion. 
G r o u n d w a t e r  Sump Z i n g  
Shallow groundwater samples were collected and analyzed 
in order to determine sites of nutrient loading from lawn 
fertilization and septic systems. Stations were chosen based 
on soils data (Alfred, et al., 1973; Alfred and Hyde, 1974), 
personal communication with lakeshore residents, and information 
from the household survey (Fig. 3). 
At each sampling site, wells were driven to the water 
table with a No. 60 mesh, 2 ft. long, sand point attached to 
2.5 ft. sections of galvanized pipe. Groundwater was pumped 
with a pitcher pump until clear. The samples were then stored 
in pre-washed 500 ml polyethylene bottles and treated in the 
same manner as lake and stream samples. 
Two sites were sampled at each station; one above the 
septic field (upgrade) as a control (i.e. uncontaminated with 
wastewater), and the other nearer the lakeshore from the drain- 
field (downgrade) and presumably in the area of wastewater seep- 
age. Groundwater samples were analyzed in the same manner as 
lake and stream samples. 
S o i l  P a r a m e t e r  O v e r l a y s  
Overlay maps for slope, permeability, depth to seasonally 
high groundwater, and phosphorus retention capacity were 
prepared, based on development capability criteria established 
by the U.S. Soil Conservation Service (1966), Schneider and 
Erickson (1973), and Gannon and Paddock (1974). The classi- 
fication and distribution of soil types in the watershed of 
Walloon Lake were obtained from Alfred et al. (1973) and 
Alfred and Hyde (1974). 
Locations of lakeshore dwelling units in the study area 
were acquired from a visual survey by boat on August 8, 1977. 
Phosphorus retention capacities of each soil type were 
derived from both the phosphorus adsorption capacity 
(Schneider and Erickson, 1972) and drainage class (Alfred et 
al., 1973; Alfred and Hyde, 1974) based on the assumptions 
of Gannon and Paddock (1974). Phosphorus adsorption data were 
unavailable for the Blue Lake soil series in the study area. 
The phosphorus adsorption for Blue Lake loamy sand around 
Walloon Lake was estimated as "low" by Forrest (personal 
communication) . 
The following characteristics of slope, depth to seasonal 
high groundwater, and permeability are depicted for each 
respective soil property (Alfred et al., 1973; Alfred and 
Hyde, 1974) : 
Phosphorus 
Depth to Seasonal Retention 
Slope High Groundwater ( %  Removed Permeability 




> 6 75-65 2.0-20.0 
Unacceptable Moderate Unacceptable 
> 12 2-6 65-35 < 2.0 
Poor 
3 5 
Permeability values represent the lowest rate that occurs in 
the upper 5-6 feet of soil. 
Each variable is depicted on a separate transparency 
that overlays a base map showing the location of the total 
lakeshore dwelling units around Walloon Lake. Increasing 
degrees of shading are employed to indicate greater restrictions 
imposed by each variable on development and on-site wastewater 
disposal. When all four transparencies are viewed together, 
greatest restrictions for wastewater disposal are indicated by 
the darkest areas. Those soils exhibiting high groundwater and 
rapid permeability may be more limited in their capacity to treat 
wastewater than these overlays actually depict (Appendix I). 
TROPH IC (WATER OUALITY l STATUS 
In order to wisely manage a water resource, citizens and 
government officials must be aware of Walloon Lake's present 
water quality and its ability to withstand human impact. 
Limnologists, scientists who specialize in the ecology of 
freshwaters, classify water quality condition by its trophic 
(productive) state. Lakes are divided into three categories: 
oligotrophic, mesotrophic, and eutrophic. Oligotrophic lakes 
are low in nutrient content, have high water clarity, sparse 
plant growth (both weeds and algae), and other attributes most 
recreationalists view as "good" water quality. Conversely, 
eutrophic lakes are high in nutrient quality and plant growth 
and have reduced water clarity. Water bodies exhibiting inter- 
mediate characteristics are known as mesotrophic lakes. 
Physicochemical Characteristics 
To clearly understand Walloon Lake's aquatic ecosystem and 
trophic state, it is necessary to first examine several chemical 
features of the lake's water. 
The water quality of a lake may be determined by the availability 
of nutrients in the water. Waters where the concentration of 
nitrogen is greater than 15 times the concentration of phosphorus 
are generally considered to be phosphorus limited (Vollenweider, 
1968). 
Walloon Lake has ratios of nitrogen (nitrite,nitrate and 
ammonia) to phosphorus (total phosphorus) ranging from 20:l to 28:l 
in the three basins sampled and is therefore a phosphorus limited 
lake. This means that the trophic (productive) status of Walloon's 
water will vary depending on the amount of phosphorus available. 
If phosphorus concentrations increase, the lake could become more 
productive with corresponding water quality decline. 
Walloon Lake, however, has the lowest phosphorus concentrations 
of the 39 lakes in Emmet and Cheboygan counties sampled by The 
University of Michigan Biological Station (Gannon and Paddock, 1974). 
One reason for the low phosphorus concentrations that the lake 
contains hard water (alkalinity 120 mg/Z ) (Gannon and Paddock, 
1974) and exhibits marl deposition. Marl is precipitated calcium 
carbonate (CaC03) or lime, which forms in the presence of high 
amounts of calcium (Ca) and carbonate (HCO;) . It is a natural 
substance which generally is characteristic of lakes with good 
water quality. 
The presence of fine, suspended particles of marl in the water 
imparts the aesthetically pleasing emerald green color to Walloon 
Lake waters. Marl also causes a greyish-white coating on rocks, 
weeds, and bottom sediments. 
Phosphorus ions in the water column become adsorbed on marl 
particles, settle into the bottom sediments, and become unavailable 
to stimulate algae and weed growth. As long as dissolved oxygen 
does not become depleted in bottom waters, precipitation of 
phosphorus with marl is an important mechanism in maintaining high 
water quality in Walloon Lake. Under anaerobic conditions, however, 
phosphorus is released from the sediments to the water column and 
may again support algae growth. 
Although Walloon Lake's water clarity is relatively good, 
marl does decrease its transparency. Therefore, Secchi disc 
measurements are less useful for trophic state assessment of 
Walloon Lake than they are in softer waters. 
Along with low concentrations of phosphorus, a review of 
physicochemical data collected by the Biological Station during 
recent years indicates that the overall water quality condition 
of Walloon Lake is good. The lake is considered to be oligotrophic 
based on several methods of rating trophic conditions (Tierney et al., 
1975; Carlson, 1977) (Fig. 4). Recent research on biological 
indicators of trophic conditions indicates similarities between 
Walloon Lake and the oligotrophic lakes of Colorado (Cairns, 
personal communication). 
Inter-Basin Comparison 
Comparison of the water quality of the four basins of Walloon 
Lake reveals noteworthy differences in trophic status. While the 
Foot, Main, and West basins have many of the features normally 
attributed to oligotrophic lakes, the North Arm basin appears more 
productive and shows signs of a mesotrophic condition. 
The slower flushing rate is a major factor that has resulted 
in lesser water quality in the North Arm basin. The North Arm 
is separated from the Foot basin (Fig. 2) by triangular-shaped 
sand spits which indicate that its waters are not readily mixed 
with the Foot (Scott, 1921) or directed immediately toward the Bear 
River outlet. In contrast, prevailing north and west winds push 
the waters of the West, Main, and Foot basins toward the lake's 
major outlet. Consequently, nutrients and other contaminants that 

e n t e r  Walloon Lake have  a  l o n g e r  p e r i o d  of  i n f l u e n c e  i n  t h e  N o r t h  
A r m  t h a n  t h e  o t h e r  b a s i n s .  
Morphomet r ic  d i f f e r e n c e s  be tween  t h e  Nor th  A r m  and t h e  
o t h e r  b a s i n s  have a l s o  i n f l u e n c e d  i t s  w a t e r  q u a l i t y .  The a v e r a g e  
d e p t h  o f  t h e  Nor th  A r m  b a s i n  i s  o n l y  5 . 4  m (52 f t . ) .  T h i s  s h a l l o w -  
n e s s ,  c o u p l e d  w i t h  a  t h e r m o c l i n e  t h a t  b e g i n s  7 m (23 .4  f t . )  be low 
t h e  s u r f a c e ,  c r e a t e s  a  s m a l l  hypo l imn ion  which  i s  s u s c e p t i b l e  
t o  oxygen d e p l e t i o n .  Summer h y p o l i m n e t i c  d i s s o l v e d  oxygen l e v e l s  
a s  low a s  0 . 1  mg/Z were  measured  i n  1974 (Gannon, u n p u b l i s h e d  d a t a ) .  
The morphome t r i c  c h a r a c t e r i s t i c s  o f  t h e  o t h e r  b a s i n s  ( T a b l e  7) 
a r e  t y p i c a l  o f  o l i g o t r o p h i c  l a k e s .  The F o o t ,  Wes t ,  and  Main 
b a s i n s  have  mean d e p t h s  o f  8 . 6 5  m ( 2 8 . 4  f t . ) ,  1 0 . 1  m ( 3 3 . 1  f t . ) ,  
and 9 . 5  m ( 3 1 . 2  f t . )  r e s p e c t i v e l y .  The b a s i n s  t h e r m a l l y  s t r a t i f y  
d u r i n g  t h e  summer w i t h  t h e r m o c l i n e s  b e g i n n i n g  f rom 9  t o  10  m 
(27.3 t o  3 2 . 8  f t . )  be low t h e  s u r f a c e ,  l e a v i n g  a p p r o x i m a t e l y  h a l f  
o f  t h e  w a t e r  volume below t h e  e p i l i m n i o n .  The h y p o l i m n i a  a r e  
t h e r e f o r e  l a r g e  and m a i n t a i n  c o l d  oxygena t ed  w a t e r  t h r o u g h o u t  
t h e  summer. Summer h y p o l i m n e t i c  t e m p e r a t u r e s  a r e  be tween  9  and 
13.C i n  t h e  d e e p  b a s i n s .  Oxygen d i s t r i b u t i o n  w i t h  d e p t h  i s  c l i n o -  
g r a d e  d u r i n g  t h e  summer; d i s s o l v e d  oxygen c o n c e n t r a t i o n s  a s  
h i g h  a s  7 . 5  mg/Z a r e  found  i n  t h e  u p p e r  p o r t i o n s  o f  t h e  h y p o l i m n i a  
o f  t h e  Foot  and  West A r m  b a s i n s .  
I n t e r - b a s i n  w a t e r  q u a l i t y  d i f f e r e n c e s  a r e  a g a i n  e v i d e n t  when 
n u t r i e n t  c o n c e n t r a t i o n  d a t a  i s  examined .  N o r t h  A r m  w a t e r  s a m p l e s  
show h i g h e r  c o n c e n t r a t i o n s  o f  t o t a l  p h o s p h o r u s  t h a n  t h e  F o o t  and  
West Arms ( F i g .  5 ) .  Us ing  a  c l a s s i f i c a t i o n  method b a s e d  on 
s p r i n g  phosphorus  c o n c e n t r a t i o n s ,  mean w a t e r  d e p t h ,  and  f l u s h i n g  
r a t e  ( D i l l o n  and R i g l e r ,  1 9 7 5 ) ,  t h e  Nor th  A r m  i s  m e s o t r o p h i c  and 
t h e  West and Foot  B a s i n s  a r e  o l i g o t r o p h i c  ( F i g .  6 ) .  

F i g .  5 
INTERBASIN COMPARISON OF SELECTED PHYSICAL AND 
CHEMICAL FEATURES OF WALLOON 
LAKE 
SUMMER SECCHl DISC 
TRANSPARENCY 
DEPTH TO I % LIGHT 
PENETRATlON 
TOTAL PHOSPHORUS CHLOROPHYLL a 
KEY 
FOOT WARM N.ARY 
F i g .  6 
PRESENT TROPHIC STATE OF WEST ARM, 
NORTH ARM, AND THE FOOT (DILLON 8 RIGLER.1975) 
10 100 
MEAN DEPTH (M) 
A NORTH ARM 
0 WEST ARM . 
a FOOT 
EUTROPHIC 
S i n c e  phosphorus  i s  t h e  l i m i t i n g  n u t r i e n t  i n  Wal loon Lake ,  
t h e  h i g h e r  l e v e l s  o f  phospho rus  i n  t h e  Nor th  A r m  s u g g e s t  t h e  p o t e n t i a l  
f o r  g r e a t e r  a q u a t i c  p r o d u c t i v i t y ,  o r  a  more m e s o t r o p h i c  c o n d i t i o n .  
C h l o r o p h y l l  n d a t a  c o n f i r m s  t h a t  a  l a r g e r  s t a n d i n g  c r o p  o f  a l g a e  
e x i s t s  i n  t h e  Nor th  A r m  t h a n  i n  e i t h e r  t h e  Foot  o r  West b a s i n s .  
C h l o r o p h y l l  a measured  2 . 3  ug/L i n  t h e  Nor th  Arm; 1 . 4  p g / L  i n  t h e  
F o o t ;  and  1 . 8  ~ l g / L  i n  t h e  West A r m  ( F i g .  5 ) .  
LandSat  S a t e l l i t e  images  v i s u a l l y  d i s p l a y  t h e  d i f f e r e n c e s  
i n  c h l o r o p h y l l  a c o n c e n t r a t i o n s  be tween  t h e  Nor th  A r m  and t h e  r e s t  
o f  t h e  l a k e  ( R o g e r s ,  1 9 7 7 ) .  I n  c o l o r  maps g e n e r a t e d  by computer  
p r o c e s s i n g  o f  LandSat  d a t a ,  t h e  F o o t ,  West A r m ,  and Main b a s i n s  
a p p e a r  w h i t e ,  w h i l e  t h e  N o r t h  A r m  a p p e a r s  a s  a  m i x t u r e  o f  w h i t e  and 
y e l l o w .  White  i s  i n d i c a t i v e  o f  m a r l  t u r b i d i t y  i n  t h e  w a t e r ;  y e l l o w  
c o l o r a t i o n  i n d i c a t e s  m o d e r a t e  a l g a l  t u r b i d i t y .  
The g r e a t e r  t u r b i d i t y  o f  t h e  Nor th  A r m  i s  a l s o  a p p a r e n t  i n  
f i e l d  measu remen t s .  L i g h t  p e n e t r a t i o n  o f  1% o c c u r s  a t  7 m e t e r s  i n  
t h e  N o r t h  A r m  a s  compared t o  14  m e t e r s  i n  b o t h  t h e  Foo t  and  t h e  
West A r m .  S e c c h i  d i s c  r e a d i n g s ,  a n o t h e r  measurement  o f  w a t e r  
t u r b i d i t y ,  a v e r a g e  2 m e t e r s  i n  t h e  N o r t h  A r m  and  3 m e t e r s  i n  b o t h  
t h e  Foot  and West A r m  ( F i g .  5 ) .  
B i o l o g i c a l  o r g a n i s m s  can  b e  u s e d  a s  i n d i c a t o r s  o f  w a t e r  
q u a l i t y  i n  a d d i t i o n  t o  p h y s i c o c h e m i c a l  me-asurements .  The N o r t h  
A r m  a g a i n  d i s t i n g u i s h e s  i t s e l f  f rom t h e  o t h e r  b a s i n s  by s u p p o r t i n g  
some o r g a n i s m s  i n d i c a t i v e  o f  more m e s o t r o p h i c  c o n d i t i o n s .  Two 
r o t i f e r  s p e c i e s  ( m i c r o s c o p i c  a q u a t i c  a n i m a l s )  i n d i c a t i v e  o f  l a k e s  
w i t h  h y p o l i m n e t i c  oxygen d e p l e t i o n ,  K e l l i c o t t i a  b o s t o n i e n s i s  
and  C o n c h i l u s  h i p p o c r e p i s ,  have  been  found  i n  t h e  N o r t h  A r m .  
These  r o t i f e r  s p e c i e s  a r e  a b s e n t  f rom sample s  t a k e n  i n  t h e  West 
and Foot basins which have higher bottom summer dissolved oxygen 
concentrations (Stemberger, personal communication). Notholca 
michiganensis, a rotifer typically indicative of oligotrophy 
(Stemberger, personal communication), has been found in the winter 
and late fall in the Foot and West basins, but never in the North 
Arm. 
North Arm residents have noticed increased algal and aquatic 
plant growth in recent decades. In contrast, biological samples 
suggest that no appreciable change in water quality of the West 
basin of Walloon Lake has occurred in the last twenty years. 
Pontoporeia affinis, a deep water crustacean found in oligotrophic 
lakes, appeared in samples collected in the West Arm of Walloon 
Lake in both 1955 and 1975 (Gannon et al., 1977). Salvelinus 
namaycush (lake trout) frequents cold, oxygenated oligotrophic 
waters, and continues to thrive in the west basin of Walloon Lake 
(DNK, unpublished data). 
The isolated nature of the North Arm, coupled with its larger 
watershed and shallow basin morphometry (See Fig. 1 and 2) are 
undoubtedly important factors causing water quality differences 
between it and the other basins. Management schemes for the North 
Arm must take into consideration its limiting features. 
N u t r i e n t  C o n t r i b u t i o n s  
In the past, morphological characteristics largely determined 
the trophic status of lakes. Increasing development has, in more 
recent times, accelerated the rate oflake aging by adding nutrients 
and silt to lakes. 
N a t u r a l  s o u r c e s  o f  n u t r i e n t  i n p u t  t o  t h e  l a k e  i n c l u d e  
i n f l o w i n g  s t r e a m s ,  groundwater  i n f l o w ,  p r e c i p i t a t i o n ,  d r y f a l l ,  
and l a n d  r u n - o f f .  C u l t u r a l  s o u r c e s  a r e  s e p t i c  sys tem d r a i n a g e  
(household  d i s c h a r g e s  i n c l u d i n g  human sewage and l a u n d r y  w a s t e w a t e r ) ,  
r u n - o f f  and seepage  from u r b a n i z e d  l a n d  ( i n c l u d i n g  lawn and ga rden  
f e r t i l i z e r s )  and a g r i c u l t u r a l  r u n - o f f .  Although t h e  n a t u r a l  s o u r c e s  
canno t  be  c o n t r o l l e d ,  i n p u t  from c u l t u r a l  s o u r c e s  may be reduced  
and d e g r a d a t i o n  p r e v e n t e d .  
A l l  s o u r c e s  t h a t  c o n t r i b u t e  n u t r i e n t s  t o  a  l a k e  i n f l u e n c e  t h e  
q u a n t i t y  of a l g a e  and weeds i n  t h e  l a k e  w a t e r s .  A n u t r i e n t  budget  s t u d y  
o f  Walloon Lake was conducted  t o  i n v e n t o r y  t h e  q u a n t i t y  and s o u r c e s  
o f  n u t r i e n t s  e n t e r i n g  t h e  l a k e .  
Walloon Lake i s  a  seepage  l a k e ,  f e d  p r i m a r i l y  by groundwater .  
Most o f  t h e  h y d r o l o g i c  i n p u t s  t o  t h e  l a k e  p a s s  t h r o u g h  t h e  s o i l  
and r e c e i v e  a t  l e a s t  some d e g r e e  o f  p u r i f i c a t i o n  b e f o r e  r e a c h i n g  
t h e  l a k e .  
Lakes ide  n u t r i e n t  s o u r c e s  have t h e  g r e a t e s t  p o t e n t i a l  t o  
impact  l a k e  w a t e r  q u a l i t y .  These i n p u t s  a r e  n o t  d i l u t e d  o r  
p u r i f i e d  a s  much a s  n u t r i e n t  i n p u t s  t h a t  o r i g i n a t e  i n  t h e  upper  
r e a c h e s  o f  t h e  wa te r shed .  S e p t i c  sys t ems  and u rban  r u n o f f  from 
l a k e s h o r e  development c o n s t i t u t e s  29% o f  a l l  t h e  phosphorus  i n p u t  
t o  Walloon Lake (Table  8 ) .  Lakes ide  s e p t i c  sys tems were c a l c u l a t e d  
t o  accoun t  f o r  1 3 %  o f  t h e  phosphorus  i n p u t  t o  t h e  l a k e  (Tab le  8 ) ,  
approx ima te ly  2 5 %  o f  which o r i g i n a t e d  from d e t e r g e n t s .  S e p t i c  
sys tem l o a d i n g  f i g u r e s  a r e  r e l a t e d  t o  e a c h  s o i l ' s  a b i l i t y  t o  t r e a t  
was tewa te r  and t h e  amount o f  development on each  s o i l  t y p e .  C u r r e n t  
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h e a l t h  r e g u l a t i o n s  and b u i l d i n g  c o d e s ,  i f  p r o p e r l y  e n f o r c e d ,  
w i l l  s h a r p l y  l i m i t  t h e  number o f  new s e p t i c  sys tems on t h e  l a k e s h o r e .  
However, i f  s e p t i c  sys tems a r e  a l lowed  i n  poor  s o i l s  ( s e e  Appendix 
I ) ,  n u t r i e n t  l o a d i n g  from t h i s  s o u r c e  cou ld  become more 
s i g n i f i c a n t .  
The back lands  o f  t h e  w a t e r s h e d  a r e  p r i m a r i l y  f o r e s t e d  o r  
a g r i c u l t u r a l  and c o n t r i b u t e  an e s t i m a t e d  51% o f  t h e  phosphorus 
and 69% o f  t h e  n i t r o g e n  i n p u t  t o  Walloon Lake (Table  8 ) .  F u r t h e r  
development o f  t h e s e  a r e a s  would i n c r e a s e  t h e  n u t r i e n t  l o a d i n g  
from t h e  b a c k l a n d s ;  r e s i d e n t i a l  a r e a s  c o n t r i b u t e  f i v e  t o  t e n  t i m e s  
t h e  amount o f  phosphorus t h a t  comes from l a n d s  under  f o r e s t  cove r  o r  
a g r i c u l t u r a l  u se  (Tab le  4 )  (Brezon ik ,  1 9 7 3 ) .  A s  r e s i d e n t i a l  
developments  c o n t i n u e  t o  grow, t h e y  w i l l  p l a y  an even  more prominent  
r o l e  i n  t h e  n u t r i e n t  budget  o f  t h e  l a k e .  N u t r i e n t  budge t  i n f o r m a t i o n ,  
when coup led  w i t h  a  s i m p l e  h y d r o l o g i c a l  model ,  shows t h a t  t h e  North 
A r m  i s  more s u s c e p t i b l e  t o  a c c e l e r a t e d  e u t r o p h i c a t i o n  t h a n  a r e  t h e  
o t h e r  b a s i n s  ( D i l l o n  and R i g l e r ,  1 9 7 5 ) .  The d i f f e r e n t i a l  e q u a t i o n  
g e n e r a t e d  by t h e  model was used  t o  p r e d i c t  t h e  s p r i n g  phosphorus 
c o n c e n t r a t i o n  i n  a  l a k e  o r  b a s i n  u s i n g  i n f o r m a t i o n  on n u t r i e n t  
l o a d i n g  ( L ) ,  mean d e p t h  (i), r e t e n t i o n  c o e f f i c i e n t  ( R ) ,  and 
f l u s h i n g  r a t e  ( P )  (Table  9 ) .  
Using t h e  f l u s h i n g  r a t e  o f  0 . 3  y r  ( w a t e r  r e t e n t i o n  t ime  4 . 1  
y r s )  based  on t h e  y e a r l y  o u t f l o w  a t  t h e  Bear R i v e r ,  t h e  model 
p r e d i c t s  t h a t  t h e  t h r e e  deep b a s i n s  a r e  o l i g o t r o p h i c  
( F i g .  7 ) .  The p r e d i c t i v e  model a g r e e s  w i t h  measurements  o f  s p r i n g  
phosphorus  c o n c e n t r a t i o n s  i n  t h e  Nor th  A r m  i f  t h e  f l u s h i n g  r a t e  i s  
l e s s  t h a n  0.15 y r  (6 .6  y r  w a t e r  r e t e n t i o n  t ime)  f o r  t h a t  b a s i n .  

With a  s l o w e r  f l u s h i n g  r a t e  and s h a l l o w e r  b a s i n ,  t h e  model shows 
why d e t e r i o r a t i o n  i n  w a t e r  q u a l i t y  h a s  been n o t e d  i n  t h e  Nor th  
Bas in  more t h a n  t h e  r e s t  o f  t h e  l a k e  i n  r e c e n t  y e a r s .  
F i g .  7 
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SOIL SUITABILITY FOR SEPTIC TREATMENT - 
The performance of lakeshore septic systems around Walloon 
Lake is discussed in this section. Areas that may be potential 
sources of nutrient contamination to the lake are indicated. 
In some instances wastewater treatment options have been sug- 
gested for consideration by public health officials and engineers. 
Further investigations of the problem areas should be completed 
before corrective actions are undertaken. 1 
A number of factors were evaluated in this analysis including 
soil characteristics, the location of dwelling units, and 
shallow groundwater chemistry data (Appendix 11). 
It is suggested that this study be used in conjunction 
with the Emmet County Soil Survey, (Alfred et. aZ., 1973), the 
Charlevoix County Soil Survey (Alfred and Hyde, 1974), and the 
maps which depict the suitability of lakeshore soils for on- 
site wastewater disposal (Appendix I). 
North Arm 
General Soils are moderately well-suited to well-suited 
for septic treatment in areas other than the northern portion 
of the basin where organic soils exist. The average phosphorus 
loading per dwelling unit is 0.6 kg/yr. 
Problem areas Thirty-eight homes along the northeast 
shore of the basin are built on Linwood muck. These soils are 
severely limited in their ability to purify septic wastes 
'NO construction, repair or alteration of any sewage disposal 
facility shall begin until the owner or his authorized represent- 
ative has made application to the Health Officer and has received 
a construction permit (Michigan District Health Department No. 3, 
1970). 
35 
(Alfred, Hyde, and Larson, 1973). The estimated phosphorus 
loading from these homes is 35 kg/yr (0.92 kg/yr per dwelling 
unit). This comprises 41% of the input from septic systems 
for the entire basin. 
Alternative wastewater treatment methods systems for these 
homes should be explored. Three homes within the area along 
Jones Landing have installed system in which the drainfields 
are placed in a mound of soil two to six feet high (mound systems) 
located 45.7 m (150 ft.) or more from the lake. Soils which 
are suitable for land disposal (Emmet sandy loams), located 
adjacent to the muck soil, may make cluster sewage treatment a 
feasible alternative. 
Homes on the north and northwest shore on Killarney Shores 
and Indian Garden Road are built on Carbondale muck which has 
severe restrictions for septic systems (Alfred, et. al., 1973). 
Groundwater samples with high concentrations of phosphorus 
indicate phosphorus loading to the lake from this area. Mound 
systems should be considered to upgrade existing systems. Au Gres 
and Emmet soils 400 m (1312 ft.) from the lake provide a 
potential disposal site for cluster treatment. 
Development along the west shore is concentrated on Kalkaska 
sand. Although this soil is well suited for disposal (Alfred, 
et. al, 1973), our survey indicates that approximately 50% of 
the systems are within 30.5 m (100 ft.) of the lake and con- 
stitute potential sources of nutrient loading to the Lake. Moving 
drainfields further from the lake would reduce contamination 
from septic wastes by providing more complete effluent treatment. 
F o o t  
General The Foot has more lakeside residences than the 
other basins. The estimated phosphorus loading of 142.81 kg/yr 
(0.69 kg/yr per dwelling unit) in the Foot exceeds that of the 
other basins (Table 8). Steep slopes and wetland areas are 
the major constraints for septic treatment around this basin. 
Problem areas Steep slopes along the northwest shore of 
the Foot present difficulties for drainfield installation and 
wastewater treatment. Serial loading between trenches would 
aid in achieving an even distribution of effluent in a sloping 
drainfield, maximizing the purification potential of the soil 
(Warshall, 1976). 
North of Walloon Lake Village dense development occurs on 
Leelanau-Rubicon loamy sands. The low phosphorus adsorption 
capacity of this soil series indicates that phosphorus loading 
to the lake from this area may be high (Schneider and Erickson 
1972). 
The commerical strip in Walloon Lake Village is built on 
Carbondale muck. This soil is poorly suited for septic treatment 
(Alfred, and Hyde, 1974). The majority of the establishments 
pump wastewater across M-75 and away from the lake. Surface 
topographic features indicate that groundwater may be moving 
away from the lake in this area, and contaminants may flow 
towards the Bear River. 
Dwellings are concentrated for 2 km (12 mi.) along the 
south shore of the basin westward from Hamilton Court. Soil 
types exhibit a high degree of variability in this area. High 
groundwater is a problem in several of these soils. Mound 
systems could be used to remedy problem areas. On-site inspection 
is required to locate specific problem soils. 
Main Basin 
General Most of the homes around the Main Basin are --- 
located on well-drained soils which have good capacity to assimilate 
septic wastes. However, the Leelanau soils on the north shore 
have a low phosphorus adsorption capacity, and may be unsatis- 
factory for purifying wastes from dense developments. Immediate 
attention should be given to homes located on poor soils in 
Wildwood Harbor. Average phosphorus loading per dwelling unit 
is 0.65 kg/yr. 
Problem areas Twenty homes in Wildwood Harbor are built 
on Au Gres sands and Cathro Muck. These soils are considered 
severely limited in their ability to treat septic effluent 
(Alfred and Hyde, 1974). Low permeability and high groundwater 
present problems to several systems. Mound systems or cluster 
treatment alternatives should be considered. Blue Lake loamy 
sand within 300 m (984 ft.) of the lake should be considered 
as a site for cluster sewage treatment. 
The 58 septic systems located on Leelanau loamy sands on 
the north shore of the Main Basin contribute 37% of the 
phosphorus loading from septic systems in that basin (0.79 kg/yr 
per dwelling unit). Increasing densities in the area could 
significantly raise this contribution. To maximize the 
phosphorus adsorption capacity of the soil, oversized drain- 
fields could be used or year-round residences could consider 
installing alternating drainfields. 
West Basin 
Genera l  E s t i m a t e d  phosphorus  l o a d i n g  i s  lowes t  i n  t h e  
West Bas in  (78 .0  k g / y r ,  0 .65  kg /y r  p e r  d w e l l i n g  u n i t ) .  S o i l s  
a r e  m o d e r a t e l y  t o  w e l l - s u i t e d  a round most o f  t h e  b a s i n .  Most 
homes a r e  l o c a t e d  on Emmet, Lee l anau -Rub icon  and Au Gres  s o i l s .  
Four hundred m e t e r s  (1312 f t . )  o f  C a t h r o  muck a t  t h e  n o r t h e r n  
t i p  i s  p o o r l y  s u i t e d  f o r  s e p t i c  t r e a t m e n t  ( A l f r e d ,  Hyde, and 
L a r s o n ,  1 9 7 3 ) ,  and i s  t h e  o n l y  w e t l a n d  a r e a  on t h e  b a s i n .  
Problem a r e a s  Our s u r v e y  i n d i c a t e s  t h a t  4 5 %  o f  t h e  d r a i n -  
f i e l d s  on t h e  e a s t  s h o r e  a r e  w i t h i n  100  f e e t  o f  t h e  l a k e .  
Pumping s e p t i c  e f f l u e n t  f a r t h e r  f rom t h e  l a k e  s h o u l d  c o n s i d e r a b l y  
upgrade  t r e a t m e n t  o f  w a s t e w a t e r  by s o i l s .  
MANAGEMENT OPTIONS --
The r e s u l t s  o f  t h i s  r e p o r t  c l e a r l y  i n d i c a t e  t h a t  l a k e  
w a t e r  q u a l i t y  i s  d i r e c t l y  r e l a t e d  t o  t h e  t y p e  and i n t e n s i t y  o f  
l a n d - u s e  p r a c t i c e s  t h r o u g h o u t  Walloon L a k e ' s  w a t e r s h e d .  T h e r e f o r e ,  
t h e  way l a n d  i s  u s e d  u p s l o p e  f rom t h e  l a k e  i s  a s  i m p o r t a n t  t o  
w a t e r  q u a l i t y  p l a n n i n g  and management as  i s  t h e  l a n d  d i r e c t l y  
a d j a c e n t  t o  t h e  l a k e .  
P o l i t i c a l  b o u n d a r i e s  a round  t h e  l a k e  ( i . e .  t ownsh ip  and 
c o u n t y  d i v i s i o n s )  do n o t  c o i n c i d e  w i t h  n a t u r a l  w a t e r s h e d  bound- 
a r i e s .  F o r t u n a t e l y ,  l a k e  a s s o c i a t i o n s  can  b e  an  e f f e c t i v e  "com- 
mon denomina to r "  f o r  c o o r d i n a t i o n  o f  l a k e  p l a n n i n g  and management 
p rograms  on a  w a t e r s h e d  l e v e l .  A l a k e  a s s o c i a t i o n  c a n  a c t  a s  
a  communica t ion  l i n k  be tween  u n a s s o c i a t e d  government  u n i t s  
w i t h i n  t h e  l a k e ' s  w a t e r s h e d  and a l s o  m a i n t a i n  c o n t a c t  w i t h  
o t h e r  f a c t o r s  t h a t  w i l l  d e t e r m i n e  g e n e r a l  l a k e  management p o l i c y .  
I n  t h e  f u t u r e ,  management o f  l a k e  communi t i es  may become 
more f o r m a l i z e d .  U n t i l  t h e n ,  however ,  l a k e  a s s o c i a t i o n s  must 
be t h e  f o r e r u n n e r s  o f  l a k e  management p rograms  f o r  w a t e r  q u a l i t y  
p r o t e c t i o n .  
A wide  r a n g e  of s u g g e s t i o n s  a r e  o f f e r e d  i n  t h i s  s e c t i o n .  
I f  p r e v e n t a t i v e  a c t i o n s  (which r e q u i r e  l i t t l e  o u t l a y  o f  c a p i t a l  
and e n e r g y )  a r e  t a k e n  now, r e s i d e n t s  may a v o i d  more c o s t l y  c o r -  
r e c t i v e  measu re s  i n  t h e  f u t u r e .  I t  i s  n e c e s s a r y ,  however ,  t o  
keep  i n  mind t h a t  a l t h o u g h  Walloon i s  one o f  t h e  most  t h o r o u g h l y  
s t u d i e d  l a k e s  i n  n o r t h e r n  M i c h i g a n ,  i t  i s  i m p o s s i b l e  t o  p r e c i s e l y  
p r e d i c t  how l o n g  i t  w i l l  r ema in  i n  i t s  p r e s e n t  c o n d i t i o n  and 
e x a c t l y  how much impac t  i t  c a n  w i t h s t a n d  w i t h o u t  e x p e r i e n c i n g  a  
d e c l i n e  i n  w a t e r  q u a l i t y .  
H o p e f u l l y ,  t h e s e  s u g g e s t i o n s  c a n  s e r v e  a s  a  c a t a l y s t  i n  
t h e  s e a r c h  f o r  e f f e c t i v e  ways t o  m a i n t a i n  and improve Walloon 
L a k e ' s  w a t e r  q u a l i t y .  They i n c l u d e  w a s t e w a t e r  t r e a t m e n t  a l t e r -  
n a t i v e s ,  s e p t i c  s y s t e m  m a i n t e n a n c e  p r o g r a m s ,  and o t h e r  p e r t i n e n t  
management i d e a s .  
S e p t i c  s y s t e m s  can  e f f e c t i v e l y  p r e v e n t  c o n t a m i n a t i o n  o f  
l a k e  o r  s u r r o u n d i n g  ground  w a t e r  i f :  
a )  t h e y  a r e  l o c a t e d  on s u i t a b l e  s o i l s  
b)  t h e y  a r e  s e t  back  f rom t h e  l a k e s h o r e  
c )  t h e y  a r e  p r o p e r l y  m a i n t a i n e d  
However, a  m a l f u n c t i o n i n g  s e p t i c  s y s t e m  h a s  t h e  p o t e n t i a l  t o  
a c t  a s  an  open f a u c e t ,  l e t t i n g  w a s t e w a t e r  d i r e c t l y  i n t o  a  l a k e .  
Many l a k e s i d e  s e p t i c  s y s t e m s  were  b u i l t  b e f o r e  t h e  p r e s e n t  
s a n i t a r y  r e q u i r e m e n t s  and c o d e s  were  e s t a b l i s h e d .  These  s e p t i c  
s y s t e m s  may b e  i n  u n s u i t a b l e  s o i l s ,  have  t o o  s m a l l  a  d r a i n f i e l d ,  
o r  may be  l o c a t e d  on t h e  w a t e r ' s  e d g e .  
A v a r i e t y  o f  c o r r e c t i v e  m e a s u r e s  c a n  be  u s e d  t o  min imize  
t h e  impac t  o f  h o u s e h o l d  w a s t e w a t e r  on Walloon Lake.  The l a k e  
a s s o c i a t i o n  c a n  work w i t h  l o c a l  and  r e g i o n a l  o f f i c i a l s  and  
c o u n t y  s a n i t a r i a n s  t o  p romote  w a s t e w a t e r  t r e a t m e n t  a l t e r n a t i v e s  
d e s c r i b e d  i n  t h i s  r e p o r t .  A d d i t i o n a l  i n f o r m a t i o n  can  be  found  
i n  t h e  B i o l o g i c a l  S t a t i o n ' s  Lake l and  Repor t  No. 1 4 .  
S e p t i c  Sys t em M a i n t e n a n c e  Programs - - - 
F a i l i n g  s y s t e m s  a r e  o f t e n  t h e  r e s u l t  o f  p o o r  m a i n t e n a n c e  
and  i m p r o p e r  c a r e .  R e g u l a r  i n s p e c t i o n  and u p - k e e p  of a l l  o f  
t h e  l a k e s i d e  s e p t i c  t a n k s  and d r a i n f i e l d s  would i n s u r e  t h a t  
e x i s t i n g  t r e a t m e n t  methods  a r e  work ing  a s  e f f e c t i v e l y  a s  p o s s i b l e .  
A p rogram c o u l d  b e  c r e a t e d  t h r o u g h  t h e  l a k e  a s s o c i a t i o n  
t o  i n s u r e  t h a t  a l l  s e p t i c  s y s t e m s  a r e  p r o p e r l y  m a i n t a i n e d  and 
c h e c k e d  on a  r e g u l a r  b a s i s .  S e p t i c  s y s t e m  s e r v i c e r s  have  
i n d i c a t e d  t h a t  v e r y  r e a s o n a b l e  r a t e s  c o u l d  be  o b t a i n e d  i f  t h e y  
c o u l d  c h e c k  and c l e a n  a  l a r g e  number o f  s y s t e m s  a t  t h e i r  
c o n v e n i e n c e  i n  one a r e a .  
New Des ign  S t a n d a r d s  f o r  L a k e s i d e  S e p t i c  Sys tems  -
P r e s e n t  p u b l i c  h e a l t h  c o d e s  i n s u r e  t h a t  new s e p t i c  s y s t e m s  
meet  c e r t a i n  minimum h e a l t h  s t a n d a r d s .  However, t r e a t m e n t  l e v e l s  
t h a t  e f f e c t i v e l y  s a f e g u a r d  p u b l i c  h e a l t h  may n o t  a d e q u a t e l y  l i m i t  
t h e  n u t r i e n t s - t h a t  c a u s e  a d v e r s e  c h a n g e s  i n  w a t e r  q u a l i t y .  I t  
i s  p o s s i b l e  t h a t  i n  p rob l em a r e a s  more s t r i n g e n t  s t a n d a r d s  would 
be  i n d i c a t e d  t h a t  r e q u i r e  new l a k e s i d e  s e p t i c  s y s t e m s  t o  be  even  
more e f f i c i e n t  t h a n  e x i s t i n g  P u b l i c  H e a l t h  Codes d i c t a t e .  For  
e x a m p l e ,  mounds,  d o s i n g  c h a m b e r s ,  a l t e r n a t i n g  d r a i n f i e l d s ,  and 
i n n o v a t i v e  t r e n c h  d e s i g n s  c a n  i n c r e a s e  a  s e p t i c  s y s t e m ' s  a b i l i t y  
t o  t r e a t  w a s t e  e f f l u e n t .  
Minimum l o t  s i z e  r e g u l a t i o n s  --
R e g u l a t i o n s  c o n c e r n e d  w i t h  minimum l o t  s i z e  c a n  b e  t a i l o r e d  
t o  accomodate t h e  v a r y i n g  c a p a c i t i e s  o f  l a k e s h o r e  s o i l s  t o  remove 
n u t r i e n t s  from s e p t i c  sys t em e f f l u e n t .  Minimum l o t  s i z e  s h o u l d  
be  g r e a t e r  i n  s o i l s  t h a t  a r e  p o o r l y  s u i t e d  f o r  o n - s i t e  w a s t e  
d i s p o s a l  (Appendix I ) .  
Upgrading e x i s t i n g  t r e a t m e n t  
Homeowners r e s i d i n g  on s o i l s  t h a t  have l i m i t e d  c a p a c i t i e s  
t o  remove n u t r i e n t s  can  c o n s t r u c t  mounds ( s e p t i c  s y s t e m s  i n  which 
t h e  d r a i n f i e l d s  a r e  p l a c e d  i n  a  mound o f  s o i l  two t o  s i x  f e e t  
h i g h )  o r  pump t h e  s e p t i c  e f f l u e n t  t o  more s u i t a b l e  s o i l s  f o r  
w a s t e w a t e r  t r e a t m e n t .  On s o i l s  w i t h  low phosphorus  a d s o r p t i o n  
c a p a c i t y ,  d r a i n f i e l d  s i z e  s h o u l d  be  i n c r e a s e d  t o  enhance  removal  
of  phosphorus  from t h e  e f f l u e n t  (Appendix I ) .  
C l u s t e r  T rea tmen t  
S e p t i c  sys t em f a i l u r e  i s  o f t e n  n o t  l i m i t e d  t o  a  s i n g l e  
home. More o f t e n ,  a  c l u s t e r  o f  homes (5 -200)  b u i l t  abou t  t h e  
same t ime  and l o c a t e d  on t h e  same u n s u i t a b l e  s o i l s  may a l l  
have i n a d e q u a t e  w a s t e  d i s p o s a l  c o n d i t i o n s .  T rea tmen t  a l t e r -  
n a t i v e s  do e x i s t  t o  h a n d l e  c l u s t e r  p roblems o f  t h i s  n a t u r e  
w i t h o u t  t h e  expense  o f  r e g i o n a l  c o l l e c t i o n  ( sewer )  t r e a t m e n t .  
Group management o f  w a s t e s  can  o f f e r  a d v a n t a g e s  beyond 
t h e  scope  o f  t h e  d i s p o s a l  o p t i o n s  f o r  a  s i n g l e  l o t  owner.  For  
example ,  e f f l u e n t  f rom s e v e r a l  homes c a n  be  pumped t o  s m a l l  
community d r a i n f i e l d s  l o c a t e d  on s u i t a b l e  s o i l s  away from t h e  
l a k e s h o r e .  Be fo re  such  o p t i o n s  can  be implemented ,  p u b l i c  
h e a l t h  s t a n d a r d s  and l e g a l  o b l i g a t i o n s  f o r  owner sh ip  and 
m a i n t e n a n c e  must b e  e x p l o r e d .  
A l t e r n a t i v e  O n - s i t e  Was t ewa te r  T r e a t m e n t s  - 
I n  e x i s t i n g  deve lopmen t s  where  l o c a l  s o i l s  a r e  u n s u i t -  
a b l e  f o r  s e p t i c  t r e a t m e n t ,  w a t e r l e s s  t o i l e t s  s u c h  a s  com- 
p o s t i n g  t o i l e t s  may be  c o n s i d e r e d .  T h i s  would e l i m i n a t e  
most  c f  t h e  g r o u n d w a t e r  c o n t a m i n a t i o n  f rom m a l f u n c t i o n i n g  
s e p t i c  s y s t e m s .  B e f o r e  any  c o r r e c t i v e  a c t i o n s  o f  t h i s  n a t u r e  
a r e  t a k e n ,  however ,  l o c a l  h e a l t h  o f f i c i a l s  s h o u l d  b e  con -  
s u l t e d .  
The s t r e a m s  and g r o u n d w a t e r  which f e e d  a  l a k e  c a r r y  
n u t r i e n t s  and s e d i m e n t s  t h a t  c a n  d e g r a d e  w a t e r  q u a l i t y .  
What t h e y  c o n t r i b u t e  i s  d i r e c t l y  i n f l u e n c e d  by t h e  way 
l a n d  i s  u s e d  t h r o u g h o u t  t h e  w a t e r s h e d  of  t h e  l a k e .  Water -  
s h e d  i n p u t  c a n  b e  min imized  t h r o u g h  l a n d - u s e  management 
p r a c t i c e s  s u c h  a s :  
Development Review P r o c e s s  - 
E x i s t i n g  c o u n t y  and s t a t e  r e g u l a t i o n s ,  i f  a d e q u a t e l y  
e n f o r c - e d ,  c a n  work t o  h e l p  e n v i r o n m e n t a l  p r e s e r v a t i o n .  Lake 
a s s o c i a t i o n s  c a n  h a v e  c o n s i d e r a b l e  i n p u t  t o  d e v e l o p m c n t  p l a n s  
f o r  l a k e s h o r e s .  The Wal loon Lake A s s o c i a t i o n  s h o u l d  c o n t i n u e  
i t s  r e v i e w  o f  s h o r e l i n e  d e v e l o p m e n t s .  
W e t l a n d s  P r o t e c t i o n  
The w e t l a n d s  o f  Wal loon  Lake ( F i g .  1) f i l t e r  n u t r i e n t s  
f rom w a t e r  a s  i t  d r a i n s  f rom t h e  l a n d ,  b e f o r e  i t  e n t e r s  t h e  
l a k e .  T h i s  f i l T e r i n g  f u n c t i o n  i s  e s p e c i a l l y  i m p o r t a n t  a s  
d e v e l o p m e n t  i n  t h e  w a t e r s h e d  i n c r e a s e s .  P r o t e c t i o n  o f  t h e  
w e t l a n d s  i n  t h e  N o r t h  A r m  i s  p a r t i c u l a r l y  v i t a l ,  s i n c e  t h e i r  
p r o x i m i t y  t o  t h e  P e t o s k e y  a r e a  makes them d e s i r a b l e  p r o p e r t y  
f o r  r e s i d e n t i a l  a n d  c o m m e r c i a l  d e v e l o p m e n t .  
The Wal loon  Lake A s s o c i a t i o n  c a n  p r o m o t e  w e t l a n d  manage-  
ment a r o u n d  t h e  l a k e .  F o r  f u r t h e r  i n f o r m a t i o n  on t h e  i m p o r -  
t a n c e ,  i d e n t i f i c a t i o n  a n d  management o f  w e t l a n d s ,  r e f e r  t o  
t h e  B i o l o g i c a l  S t a t i o n ' s  L a k e l a n d  R e p o r t s  No. 1 0  a n d  11. 
W e t l a n d s  A c q u i s i t i o n  
Owners o f  w e t l a n d s  may d o n a t e  s u c h  l a n d s  t o  p u b l i c  
a g e n c i e s  o r  l a n d  c o n s e r v a n c i e s  t h u s  i n s u r i n g  p r o t e c t i o n  o f  
t h e  l a n d  f rom d e v e l o p m e n t .  
F e d e r a l  s o u r c e s  may p r o v i d e  up t o  5 0 %  m a t c h i n g  f u n d s  
f o r  w e t l a n d  a c q u i s i t i o n .  I n f o r m a t i o n  i s  a v a i l a b l e  f r o m  
The N o r t h w e s t  M i c h i g a n  R e s o u r c e  C o n s e r v a t i o n  6 Deve lopment  
Program,  K e i t h  M a r t e l ,  C o o r d i n a t o r ,  10850 T r a v e r s e  Highway,  
T r a v e r s e  C i t y ,  MI 49684.  
W e t l a n d s  - Zoning O r d i n a n c e s  -- 
Township  o r  c o u n t i e s  c a n  i n c l u d e  p r o v i s i o n s  i n  t h e i r  
z o n i n g  c o d e s  t o  p r o t e c t  w e t l a n d  a r e a s .  S e v e r a l  M i c h i g a n  
t o w n s h i p s  h a v e  a l r e a d y  t a k e n  t h i s  s t e p  t o  p r o t e c t  t h e i r  
w a t e r  q u a l i t y .  C o n t a c t  Max P u t t e r s ,  Emmet County  P l a n n e r ,  
f o r  f u r t h e r  i n f o r m a t i o n .  
Tax Rel ie f  - t o Wet land  Owners 
L o c a l  u n i t s  o f  government  c a n  r e d u c e  t h e  p r o p e r t y  t a x  
b u r d e n  o f  w e t l a n d s  by c l a s s i f y i n g  t h e s e  r e g i o n s  a s  open  s p a c e  
e l i g i b l e  f o r  s p e c i a l  t a x  t r e a t m e n t  u n d e r  s t a t e  l e g i s l a t i o n  
( P . A .  1 1 6  o f  1 9 7 4 ) .  I f  owners  o f  t h e  w e t l a n d s  c h o o s e  t o  
e n t e r  i n t o  an a g r e e m e n t  w i t h  t h e  s t a t e  n o t  t o  d e v e l o p  s u c h  
l a n d ,  t h e  t a x e s  p a i d  w i l l  n o t  r e f l e c t  i t s  p r e v i o u s  d e v e l o p -  
ment p o t e n t i a l  a n d  t h e  p r o p e r t y  o w n e r ' s  t a x  w i l l  b e  l o w e r e d ,  
d i m i n i s h i n g  t h e  f i n a n c i a l  p r e s s u r e  t o  d e v e l o p .  L o c a l  z o n i n g  
o r d i n a n c e s  c a n  p r o v i d e  a  s i m i l a r  t a x  b r e a k  by r e d u c i n g  t h e  
t a x  r a t e  on p r o p e r t y  c l a s s i f i e d  a s  w e t l a n d s .  C o n t a c t  t h e  
E m m e t  County  E x t e n s i o n  S e r v i c e  f o r  f u r t h e r  i n f o r m a t i o n  on 
P . A .  1 1 6 .  
S t a t e  and  F e d e r a l  Review R e s p o n s i b i l i t i e s  -- 
Most m o d i f i c a t i o n s  o f  w e t l a n d s  - -  d r e d g i n g ,  f i l l i n g ,  
c r e a t i n g  o b s t r u c t i o n s  - -  r e q u i r e  a  p e r m i t  f rom t h e  S t a t e  D N R  
o r  t h e  U .  S .  Army C o r p s  o f  E n g i n e e r s  (Append ix  1 1 1 ) .  
C o n t r o l  - o f  A g r i c u l t u r a l  -- R u n - o f f  
I t  i s  d i f f i c u l t  t o  p r e d i c t  t h e  e x t e n t  o f  a g r i c u l t u r a l  
i m p a c t  on t h e  l a k e ' s  w a t e r  q u a l i t y .  However ,  s o u n d  f a r m i n g  
p r a c t i c e s  s h o u l d  b e  f o l l o w e d  t o  min imize  s o i l  e r o s i o n  and 
a g r i c u l t u r a l  r u n - o f f  t o  t h e  l a k e .  S t r i p  c r o p p i n g ,  g r a s s e d  
wa te rways ,  and no-p low t i l l i n g  a l l  l i m i t  r u n - o f f  f rom r e a c h i n g  
t h e  l a k e .  B u f f e r  zones  s h o u l d  b e  m a i n t a i n e d  between a g r i -  
c u l t u r a l  l a n d s  and t h e  l a k e .  
L a k e a  h o k e  Manag emen-t 
The a c t i o n s  o-f e v e r y  l a k e s h o r e  p r o p e r t y  owner i n f l u e n c e  
t h e  w a t e r  q u a l i t y  o f  t h e  l a k e .  The l a k e  a s s o c i a t i o n  and t h e  
t o w n s h i p s  can  work t o g e t h e r  t o  m i t i g a t e  e x i s t i n g  and  p o t e n t i a l  
p rob l ems  i n  t h e  f o l l o w i n g  ways :  
Lakesho re  P l a n n i n g  D i s t r i c t s  
Townships and c o u n t i e s  can  d e s i g n a t e  l a k e s h o r e  a r e a s  a s  
s e p a r a t e  p l a n n i n g  and management d i s t r i c t s  t o  c a r r y  o u t  t h e  
f o l l o w i n g  management m e a s u r e s :  
D e n s i t y  R e g u l a t i o n s  
D e n s i t y  r e g u l a t i o n s  on l a k e s h o r e  d e v e l o p ~ n e n t  c a n  r e q u i r e  
minimum l o t  s i z e  f o r  s i n g l e  d w e l l i n g s  on t h e  l a k e s h o r e ,  a s  
w e l l  a s  r e g u l a t e  p r o l i f e r a t i o n  o f  m u l t i p l e  h o u s i n g  u n i t s .  
L a k e s i d e  G r e e n b e l t s  
Townships o r  c o u n t i e s  c a n  e n a c t  o r d i n a n c e s  r e q u i r i n g  
a  s t r i p  o f  v e g e t a t i o n  ( g r e e n b e l t )  be tween  new deve lopmen t s  
and t h e  w a t e r ' s  edge  ( S e e  Lake l and  Repor t  No. 1 2 ) .  - 
S u r f a c e  P o l l u t i o n  C u r t a i l m e n t  
G r e a t  d i s c r e t i o n  s h o u l d  be  u s e d  i n  t h e  a p p l i c a t i o n  o f  
f e r t i l i z e r s ,  p e s t i c i d e s  and h e r b i c i d e s .  
Lake R e s i d e n t  Educa t ion  --- 
The l a k e  a s s o c i a t i o n  can  s u p p o r t  e n v i r o n m e n t a l  e d u c a t i o n  
programs t o  i n s t r u c t  l a k e  r e s i d e n t s  i n  e n v i r o n m e n t a l l y  sound 
l a k e s h o r e  p r o p e r t y  p r a c t i c e s .  
Lake Waxen Q u a l i x y  Ma nif-oning 
Cont inued  m o n i t o r i n g  o f  Walloon Lake i s  h i g h l y  recommended. 
The l a k e  and i t s  w a t e r s h e d  i s  a  v e r y  dynamic sys t em and o n l y  by 
p e r i o d i c  r e - e v a l u a t i o n  w i l l  a d v e r s e  changes  be d e t e c t e d  i n  
t i m e  t o  c o r r e c t  them. 
Annual M o n i t o r i n 2  
Annual m o n i t o r i n g  t h r o u g h  t h e  Michigan Department of  
N a t u r a l  Resources  S e l f - H e l p  Program s h o u l d  be  c o n t i n u e d .  
I n  a d d i t i o n ,  summer oxygen c o n c e n t r a t i o n s  i n  t h e  bo t tom w a t e r s  
o f  t h e  b a s i n s  s h o u l d  be  sampled a n n u a l l y .  
N u t r i e n t  Budget 
I n  l i g h t  o f  t h e  p r o j e c t e d  growth r a t e s  f o r  t h e  w a t e r s h e d ,  
a  r e - e v a l u a t i o n  o f  t h e  n u t r i e n t  budge t  s h o u l d  b e  u n d e r t a k e n  e v e r y  
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APPENDIX I 
The Suitability of Soils for Onsite Wastewater Disposal 
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Selected Data on the Soils and 
Water of Walloon Lake and its Watershed 
A. Surface Water Nutrient Chemistry 
1977 
B. Results of Groundwater Sampling 
1977 
C. Flow Rates of the Bear River 
1976 - 1977 
D. Nutrient Inputs from the Septic 
Systems of Walloon Lake 
S u r f a c e  Water 
N u t r i e n t  Chemis t ry  
Summer, 1977 
Bear Creek 
South  A r m  Creek 
T.P. NO3-N NH3-N C1 Chl a 
Date (ppb)  ( P P ~ )  ( P P ~ )  ( P P ~ )  ( P P ~ )  
4-17 1.00 100.0 38.0 2.80 - 
5-5 7.20 76.0 19.0 3.90 - 
6-10 6.00 20.0 10.0 2.50 - 
7 - 7 9.00 7.50 12.0 3.80 - 
7-30 7.80 3.00 6.0 3.30 - 
North A r m  Creek 5 - 5 6.60 N.D. 8.6 3.40 - 
7-7 43.00 43.0 153.0 12.00 - 
S k o r n i a  Creek 7-7 27.00 40.0 17.0 3.60 - 
West Bas in  (Cen te r )  6-27 5-00 40.0 10.0 3.50 1.51 
7-30 6.00 16.0 6.0 3.00 2.12 
North Bas in  (Cen te r )  6-27 6.00 5.0 10.0 3.50 2.39 
7-30 7-80 4.50 18.0 3.60 2.40 
C e n t r a l  Bas in  6-27 7.50 15.0 10.0 3.50 2.53 
(Cen te r )  
































































































C. Flow rates of the Bear River 1 9 7 6 - 1 9 7 7 .  
March 14, 1976 
April 17, 1977 
June 10, 1977 
July 7, 1977 
October 14, 1977 
cfs  
54.0 
Average Estimated Outflow 42.2 
cms 
1 . 5  

P C I  rn d in 
O r l  d 
D .  - con t i nued  
Main Time t o  P 
S a t u r a t i o n  i n  




loamy sand L r  
Blue Lake loamy 
sand B I B  
Emmet -Leelanau 
complex En 
Au Gres loamy 
sand  Av 
E a s t  Lake loamy 
-4 
sand Ea 
Ens ley  sandy 
loam EY 
Mancelona loamy 
sand  McB 
Cathro  muck 
Cc 
O t i s c o  loamy 
sand O t B  
Deer Park  
dune 1 and DD 
T o t a l  f o r  Basin  
% P  S N  
Reaching 
t h e  Lake 
#Homes/ 
S o i l  Type 
5 8  
Est imated  N Es t imated  P 
Reaching t h e  Reaching t h e  
Lake (kg /y r )  Lake (kg /y r )  
- - - - - - 
Est imated N Es t imated P Foot  Time t o  P Z P  % N  
S a t u r a t i o n  i n  Reaching #Homes/ 
S o i l s  ( y r s )  t h e  Lake S o i l  Type 
Reaching t h e  Reaching t h e  
Lake (kg /y r )  Lake (kg /y r )  S o i l  Type 
Emmet- Leelanau 
complex En 
Emme t - Onaway 
sandy loam Eo 
Leelanau- Rubicon 
loamy sand L r  
Au Gres sand 
Av 
Gladwin loamy 
sand G 1  
Char levo ix-  
Mackinac loam 
03 Cm 
Detour cobbly  
loam De 
Deer Park  





Ange l ica -Ens ley  
loam An 
Eas t  Lake loamy 
sand Ea 1 9  2 5 8 5 1 
t o o  v a r i a b l e  t o  a s s e s s  7 Made l and  Ma 
T o t a l  f o r  Basin 2 0 6 
APPENDIX I11 
Resource Agencies for Lake Management 
RESOURCE AGENCIES FOR LAKE MANAGEMENT 
I. Township Level 
The township governmental units are those which are closest 
and most readily available to the residents of the watershed. 
They hold powers which are important for the protection and 
regulation of land and water resources such as the ability to 
plan, zone and tax. Where on-site wastewater treatment systems 
aren't working effectively, the township has the responsibility 
to seek out other means of waste disposal for the citizens within 
their jurisdiction. Application for federal funding to finance 
sewage treatment is made by the township. 
Bay, Evangeline, and Melrose Townships in Charlevoix County 
have enacted Township zoning ordinances. Resort and Bear Creek 
follow the Ernmet County zoning code. Copies of the ordinances 
may be obtained from the county or township offices. 
Charlevoix County 
Bay Township: Supervisor - Carl Skornia 
Evangeline Township: Supervisor - Joe Eaton 
Melrose Township: Supervisor - Harry Griffith 
Emmet County 
Resort Township': Supervisor - Wilfred Sterzik 
Bear Creek Township: Supervisor - Rex Gibbard 
11. County Level 
A. County Planner and County Planning Commission 
Specific information on county planning activities and 
advice on planning that can be carried out on a township level 
can be obtained from the county planner. The county planner 
7 0 
is concerned with future growth and development within the 
county and serves as advisor to township governments on matters 
of planning and zoning. Final policy decisions on planning and 
development are made by an appointed planning commission made 
up of county citizens. 
Emmet County Planning Office Charlevoix County Planning Dept. 
City-County Bldg. New City Bldg. 
Petoskey, MI 4 9 7 7 0  Charlevoix, MI 4 9 7 2 0  
(616) 3 4 7 - 7 7 8 0  (616) 5 4 7 - 4 2 9 2  
B. Local Enforcing Agency - Soil Erosion 6 Sedimentation 
Control Act 
The Soil Erosion and Sedimentation Control Act requires that 
certain land use activities involving earth changes within 5 0 0  
feet of a stream or a lake be approved by certified officials. 
The county level enforcing agencies for such activities around 
Walloon are: 
Emmet County Community Development Department 
200  Division 
Petoskey, MI 4 9 7 7 0  
(616) 3 4 7 - 5 3 3 0  
Charlevoix County Department of Building Code Inspection 
2 0 3  Antrim 
Charlevoix, MI 4 9 7 2 0  
(616) 547-4419 
111. Regional and Special Purpose Organizations 
A .  District Health Department #3 
The District Health Department is responsible for inspection 
of septic tank/drainfield construction and issuance of permits 
for installation of such systems. They also review water supply 
and sewage disposal plans of new developments. 
The Health Department is aware and interested in new 
septic system designs and can provide advice on watewater 
treatment methods for lakeshore areas. 
Health Department District #3 Emmet County Health Dept. 
203 Antrim (Branch Office, District # 3 )  
Charlevoix, MI 49720 453 Lake 
Petoskey, MI 49770 
B. The Northwest Regional Planning and Development Commission 
The Northwest Regional Planning and Development Commission 
is the agency authorized by the Environmental Protection Agency 
to conduct planning programs related to water quality protection. 
The commission has prepared a CLEAN WATER plan for a ten-county 
area in Northwest Michigan which includes suggestions for lake 
management. Copies of the plan and information on technical and 
policy-related aspects of lake management can be obtained from the 
commission. 
Northwest Regional Planning 
and Development Commission 
2334 Aero Park Court 
Traverse City, MI 49684 
(616) 946-5922 
C. Soil Conservation Districts (SCD's) 
Soil Conservation District Officers provide technical assistance 
on request to property owners, and farmers on soil conservation 
and soil improvement practices. They can assist in solving erosion 
problems and offer advice on property management. The Soil 
Conservation District Officers for Emmet and Charlevoix Counties 
may be contacted through U.S. Soil Conservation Service Personnel 
in Boyne City. 
D. Soil Conservation Service (SCS) 
The SCS also provides advice on soil and land management 
practices to prevent soil erosion and destruction of valuable 
land and water resources. The SCS is part of the U.S. Department 
of Agriculture and has district offices throughout Michigan. 
SCS assistance is available to local citizens, resource managers, 
planners, and Soil Conservation District Officers. 
U.S. Soil Conservationist 
29 North Park 
Boyne City, MI 49712 
582- 7341 
IV. State Level 
A. District Fisheries Habitat Biologist 
The District Fisheries Habitat Biology surveys fish locations, 
initiates stocking programs, and supervises several lake protection 
programs of the Michigan DNR and the Federal government. Responsi- 
bilities of the Fisheries Biologist includes issuing permits required 
for herbicide application, reviewing dredge and fill permit requests, 
and conducting the field inspections required for dredge and fill 
operations. 
District # 5  Fisheries Habitat Biologist 
6984 M-68 
Indian River, MI 49749 
(616) 238-9313 
B. The Division of Land Resource Programs 
The Land Resource Division administers state land use legislation 
including: the Farmlands and Open Space Preservation Act, the 
Wilderness and Natural Areas Act, the Natural Rivers Act, the 
Natural Beauty Roads Act, the Shorelands Protection Act, the Soil 
Erosion and Sedimentation Control Act, and the Endangered Species 
program. For information on the programs, contact: 
Land Resource Programs 
Stevens T. Mason Bldg. 
Lansing, MI 48926 
(517) 373-3328 
C. Water Quality Division 
The DNR Water Quality Division administers the wastewater 
treatment construction grant program (Section 201 of the Federal 
Clean Water Act). Their responsibilities include surveillance of 
local wastewater collection and treatment systems, review and 
approval of wastewater treatment plans, and distribution of federal 
funds to local units of government. Contact them for information 
on how to apply for federal grants for wastewater treatment. 
Water Quality Division 
Michigan Department of Natural Resources 
Stevens T. Mason Bldg. 
Lansing, MI 48926 
(517) 373-1947 
V. Federal Level 
Public Law 92-500, the Clean Water Act of 1972, provides the 
framework for water quality protection in the United States. The 
Environmental Protection Agency is responsible for administering 
the act. The EPA sets environmental regulations and policy guidelines 
concerning water management and supports research on many aspects 
of environmental protection. EPA information is passed to regional 
EPA offices across the country for dissemination to state government, 
state regional EPA agencies, and local governments. The regional 
EPA office for Michigan is: 
Region V 
U.S. Environmental Protection Agency 
Office of Public Affairs 
230 South Dearborn 
Chicago, IL 60604 
Questions on Federal programs and policies may also be 
channeled through the 208 planners working with the Northwest 
Regional Planning and Development Commission, Trrvarse City. 
APPENDIX IV 
CLEAR Soc ia l  Survey 
CLEAR SOCIAL SURVEY 
A household  s u r v e y  was conducted  t o  r e f i n e  e s t i m a t e s  of 
n u t r i e n t  l o a d i n g  t o  Walloon Lake. R e s u l t s  a r e  summarized i n  
t h e  f o l l o w i n g  t a b l e .  
Methods of  D i s t r i b u t i o n  
The s u r v e y s  were d i s t r i b u t e d  by m a i l  t o  t h e  350 members 
o f  t h e  Walloon Lake A s s o c i a t i o n .  Approximately 35 su rveys  
were d i s t r i b u t e d  p e r s o n a l l y  i n  a r e a s  chosen f o r  groundwater  
sampl ing .  
R e s u l t s  and D i s c u s s i o n  - 
A t o t a l  of  142 s u r v e y s  were r e t u r n e d  t o  P r o j e c t  C . L . E . A . R .  
S i n c e  t h e  m a j o r i t y  of s u r v e y s  went t o  members of  t h e  Walloon 
Lake A s s o c i a t i o n  t h i s  s u r v e y  may n o t  r e p r e s e n t  an a c c u r a t e  
sample o f  l a k e s h o r e  r e s i d e n t s .  I t  was expec ted  t h a t  t h e  
sample o b t a i n e d  th rough  t h e  A s s o c i a t i o n  would be  comprised o f  a  
l a r g e r  p e r c e n t a g e  of  s e a s o n a l  r e s i d e n t s .  However, r e s u l t s  
approach  t h o s e  found i n  an e a r l i e r  s o c i a l  su rvey  (Marans e t .  a l .  
1 9 7 7 ) .  The C . L . E . A . R .  s u r v e y  showed 81  p e r c e n t  of  t h e  sample 
t o  be  s e a s o n a l  r e s i d e n t s .  Marans e t .  a l .  (1977) found 76 p e r c e n t  
o f  t h e  r e s i d e n t s  of  Walloon Lake t o  be s e a s o n a l  r e s i d e n t s .  
Data  used  i n  N u t r i e n t  Budget E s t i m a t e s  
From t h e  1 4 2  r e s p o n s e s  r e c e i v e d  from t h e  CLEAR household  
s u r v e y  (Appendix I V ) ,  i t  was de te rmined  t h a t  t h e  ave rage  
occupancy was two p e o p l e  p e r  y e a r  ( i . e . ,  4  p e o p l e  f o r  6  months 
o r  2 p e o p l e  f o r  1 2  months ,  s i x t y - n i n e  p e r c e n t  o f  t h e  s u r v e y s  
r e t u r n e d  r e p o r t e d  t h a t  t h e  h o u s e s  had a u t o m a t i c  d i s h w a s h e r s ,  
and 2 2 %  used  p h o s p h a t e  e n r i c h e d  l a u n d r y  d e t e r g e n t  i n  t h e i r  
washing machines .  
The s u r v e y  d i d  n o t  l o c a t e  predominant  r e g i o n s  o f  y e a r -  
round r e s i d e n t s .  The r e s u l t s  t o  i n d i c a t e . h o w e v e r  t h a t  t h e  
r a t i o  o f  s e a s o n a l  r e s i d e n t s  t o  y e a r - r o u n d  r e s i d e n t s  i s  con-  
s t a n t  on a l l  a r e a s  o f  t h e  l a k e s h o r e .  
RESULTS OF WASTEWATER SURVEY 
Types of households: 
Seasonal 114 81% 
Year-round 28 - 19% -
Total 142 100% 
"Question #3,4,5 - - -  




With % Without % Total 
Clothes washing machine 108 76 34 24 - 1 r  
Dishwashing machine 98 68 44 32 14 2 
Water softening system 41 29 101 7 1  142 
Sink garbage disposal 41 29 101 7 1  142 
Use of phosphate free detergent: 
Yes 31 2 2 % 




Never 9 2 65% 
l/yr 6  3 
l/yr 2 1 15 
1-2/yr 17 12 
2/yr 5 4 
3/yr - 1 - 1 
Total 14 2 1 0 0  % 
WASTEWATER MANAGEMENT QIJRSTIONAIRE 
This questionaire was developed by p r o j e c t  CLEAR, a 
group of students from t h e  University o f  Michigan B io log i ca l  
Station. The informat ion you prov ide ,  coupled with t h e  
scientific data the University has collected, will help to 
formulate long range plans for preservation of your lake. 
1. Address (number and street) 
2 .  Name of Owner 
Name of Occupant, if n o t  same 
3 .  When do you noriaally l i v e  i n  t h i s  house (check one) : 
A l l  Year 
P a r t  o f  Year from t o  
Weekends 
Other (explain) 
4. How many people normally live in this house when it is 
occupied?  
5, Does the number of occupants usually i n c r e a s e  a t  any time 
of the year?  
Yes - 
If you answered yes, at what time ( f o r  example, "mid-June" 
o r  "every weekend from June to Septembertf) 
And f o r  how long  (for example, "for two weeksvf or "for the 
entire weekend") 
A t  this time, approximately how many occupy the house? - - 
(Give average figure) 
6 .  Is  t h i s  home w i n t e r i z e d ?  Yes No - 
I f  n o t ,  do you have p l a n s  .to w i n t e r i z e  i t  soon? ----- 
7 .  Does t h i s  house  have any of  t h e  f o l l o w i n g ?  If s o ,  how many? 
8, -- C l o t h e s  washing machine - 
6 .  - Dishwashing machine - -. 
C. -- Water s o f t e n i n g  sys tem 
n.  - Sink garbage d i s p o s a l  ---- 
8, Do you use phosphate  f r e e  laundry d e t e r g e n t ?  --
Yes - No - 
9 .  Is t h e r e  a lawn? Yes No 
Are there s h ~ w b s ,  b u s h e s ,  o r  other v e g e t a t i o n  between the 
grass and t h e  beach o r  w a t e r f r o n t ?  
Yes --- No 
Does t h e  lawn ex tend  t o  t h e  water ' s  edge?  
Yes No - 
How o f t e n  i s  it f e r t i l i z e d ?  Never 
One o r  two t imes  a year  
More t h a n  twice a y e a r  
10, If t h i s  house has s e p t i c  t a n k s  : 
a. Do you know t h e  approximate dimensions o r  volume o f  
t h e  tank (or tanks)? 
b .  How o l d  i s  t h e  t a n k  ( o r  t a n k s ) ?  
c .  When was t h e  last t ime it was empt ied?  
d.  Now o f t e n  i s  i t  empt ied?  - 
e,  Do you know approxima.tely how f a r  t h e  sys tem [espec:i .alIy 
the d r a i n a g e  f i e l d )  i s  from t h e  l a k e ?  

